COMPTEL all-sky imaging at 2.2 MeV by McConnell, Mark L et al.
University of New Hampshire
University of New Hampshire Scholars' Repository
Space Science Center Institute for the Study of Earth, Oceans, and Space(EOS)
1997
COMPTEL all-sky imaging at 2.2 MeV
Mark L. McConnell
University of New Hampshire - Main Campus, mark.mcconnell@unh.edu
S Fletcher




Space Research Organization of the Netherlands
R Diehl
Max-Planck-Institut für extraterrestriche
See next page for additional authors
Follow this and additional works at: https://scholars.unh.edu/ssc
Part of the Astrophysics and Astronomy Commons
This Conference Proceeding is brought to you for free and open access by the Institute for the Study of Earth, Oceans, and Space (EOS) at University of
New Hampshire Scholars' Repository. It has been accepted for inclusion in Space Science Center by an authorized administrator of University of New
Hampshire Scholars' Repository. For more information, please contact nicole.hentz@unh.edu.
Recommended Citation
COMPTEL all-sky imaging at 2.2 MeV McConnell, M. and Fletcher, S. and Bennett, K. and Bloemen, H. and Diehl, R. and Hermsen,
W. and Ryan, J. and Schönfelder, V. and Strong, A. and van Dijk, R., AIP Conference Proceedings, 410, 1099-1103 (1997),
DOI:http://dx.doi.org/10.1063/1.54175
Authors
Mark L. McConnell, S Fletcher, K Bennett, H Bloemen, R Diehl, W Hermsen, James M. Ryan, V Schonfelder,
A W. Strong, and R VanDijk
This conference proceeding is available at University of New Hampshire Scholars' Repository: https://scholars.unh.edu/ssc/155
COMPTEL all-sky imaging at 2.2 MeV
M. McConnell, S. Fletcher, K. Bennett, H. Bloemen, R. Diehl, W. Hermsen, J. Ryan
, V. Schönfelder, A. Strong, and R. van Dijk 
 
Citation: AIP Conference Proceedings 410, 1099 (1997); doi: 10.1063/1.54175 
View online: http://dx.doi.org/10.1063/1.54175 
View Table of Contents:
http://scitation.aip.org/content/aip/proceeding/aipcp/410?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
COMPTEL 1.8 MeV all sky survey: The Cygnus region 
AIP Conf. Proc. 510, 35 (2000); 10.1063/1.1303169 
 
The total cosmic diffuse gamma-ray spectrum from 9 to 30 MeV measured with
COMPTEL 
AIP Conf. Proc. 410, 1218 (1997); 10.1063/1.54105 
 
First results of an all-sky search for MeV-emission from active galaxies with
COMPTEL 
AIP Conf. Proc. 410, 1356 (1997); 10.1063/1.53946 
 
A transient MeV range gammaray source observed by HEAO–1 
AIP Conf. Proc. 304, 255 (1994); 10.1063/1.45628 
 
Some topics in the magnetohydrodynamics of accreting magnetic compact objects 
AIP Conf. Proc. 144, 45 (1986); 10.1063/1.35667 
 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at:
http://scitation.aip.org/termsconditions. Downloaded to  IP:  132.177.229.79 On: Mon, 24 Nov 2014 18:26:48
C O M P T E L  A l l - S k y  I m a g i n g  
a t  2 . 2  M e V  
M .  M c C o n n e U * ,  S .  F l e t c h e r  t ,  K .  B e n n e t t  t ,  H .  B l o e m e n l l ,  R .  
D i e h l  82 W .  H e r m s e n l l ,  J .  R y a n * ,  V .  Sch~infelder 82 A .  S t r o n g  82 
a n d  R .  v a n  D i j k  ~ 
* U n i n e r s i t y  o f  N e w  H a m p s h i r e ,  D a r h a m ,  N H  
l L o s  A l a m o s  N a t i o n a l  Laboratory, L o s  A l a m o s ,  N M  
I A s t r o p h y s i e s  D i v i s i o n ,  E S T E C ,  Noor&oijk, T h e  N e t h e r l a n d s  
IlSRON-Utrecht, Utrecht, T h e  N e t h e r l a n d s  
 8 2  P l a n c k  I n s t i t u t e  ( M P E } ,  Garehing, G e r m a n y  
A b s t r a c t .  I t  is n o w  generally a c c e p t e d  t h a t  a c c r e t i o n  o f  m a t t e r  o n t o  a c o m -  
p a c t  o b j e c t  (white dwarf, n e u t r o n  s t a r  o r  black hole) is o n e  o f  t h e  m o s t  efllclent 
processes i n  t h e  universe f o r  p r o d u c i n g  h i g h  e n e r g y  r a d i a t i o n s .  Measurements o f  
t h e  7 - r a y  emission will p r o v i d e  a p o t e n t i a l l y  valuable m e a n s  f o r  f u r t h e r i n g  o u r  
u n d e r s t a n d i n g  o f  t h e  a c c r e t i o n  process. Here we f o c u s  o n  n e u t r o n  c a p t u r e  p r o -  
ceases, which c a n  b e  e x p e c t e d  ha a n y  s i t u a t i o n  where energetic n e u t r o n s  m a y  b e  
p r o d u c e d  a n d  where t h e  l i b e r a t e d  n e u t r o n s  w i l l  i n t e r a c t  w i t h  m a t t e r  before t h e y  
d e c a y  (where t h e y  h a v e  a c h a n c e  o f  u n d e r g o i n g  s o m e  t y p e  o f  n e u t r o n  c a p t u r e ) .  
Line emission a t  2.2 MeV, resulting f r o m  n e u t r o n  c a p t u r e  o n  h y d r o g e n ,  is b e -  
lieved t o  b e  t h e  m o s t  i m p o r t a n t  n e u t r o n  c a p t u r e  emission. Observations o f  t h i s  
line ha p a r t i c u l a r  would p r o v i d e  a p r o b e  o f  n e u t r o n  p r o d u c t i o n  processes (i.e., 
t h e  energetic p a r t i c l e  i n t e r a c t i o n s )  within t h e  a c c r e t i o n  flow. Here we r e p o r t  o n  
t h e  results o f  o u r  effort t o  i m a g e  t h e  full s k y  a t  2.2 MeV u s i n g  d a t a  f r o m  t h e  
C O M P T E L  e x p e r i m e n t  o n  t h e  C o m p t o n  G a m m a - R a y  O b s e r r a t o r y  ( C G R O ) .  
I N T R O D U C T I O N  
T h e  p o s s i b i l i t y  o f  o b s e r v i n g  " r - r a y  l i n e s  f r o m  t h e  r a d i a t i v e  c a p t u r e  o f  n e u -  
t r o n s  h a s  b e e n  r e c o g n i z e d  f o r  s o m e  t i m e  [1]. A l t h o u g h  s e v e r a l  c a p t u r e  l i n e s  
a r e  p o s s i b l e ,  b y  f a r  t h e  m o s t  d o m i n a n t  l i n e  i s  e x p e c t e d  t o  b e  t h a t  f r o m  n e u -  
t r o n  c a p t u r e  o n  h y d r o g e n  ( p r o d u c i n g  a l i n e  a t  2 . 2 2 3  M e V ) .  T h e r e  a r e  s e v e r a l  
s c e n a r i o s  w h i c h  m i g h t  p r o d u c e  2 . 2  M e V  l i n e  e m i s s i o n  i n  a c c r e t i n g  c o m p a c t  
s o u r c e s  ( n e u t r o n  s t a r s  o r  b l a c k  h o l e s ) .  T h e s e  i n c l u d e :  1 )  n e u t r o n  c a p t u r e  
w i t h i n  t h e  a c c r e t i o n  f l o w ;  2 )  n e u t r o n  c a p t u r e  i n  t h e  a t m o s p h e r e  o f  a n e u t r o n  
s t a r ;  3 )  n e u t r o n  e s c a p e  f r o m  t h e  a c c r e t i o n  f l o w  f o l l o w e d  b y  c a p t u r e  i n  t h e  
CP410, Proceedings o f  the Fourth Compton Symposium 
edited by C. D. Derrner, M. S. Strickman, and J. D. Kurfess 
9 1997 The American Institute o f  Physics 1-56396-659-X/97/$10.00 
1 0 9 9  
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at:
http://scitation.aip.org/termsconditions. Downloaded to  IP:  132.177.229.79 On: Mon, 24 Nov 2014 18:26:48
c o m p a c t  o b j e c t ' s  c o m p a n i o n  s t a r ;  a n d  4 )  n e u t r o n  c a p t u r e  i n  a s i t u a t i o n  w h e r e  
a b e a m  o f  a c c e l e r a t e d  p a r t i c l e s  i m p i n g e s  o n  t h e  c o m p a n i o n  s t a r  ( i n  a n a l o g y  
t o  s o l a r  f l a r e s ) .  
T h e  g r a v i t a t i o n a l  p o t e n t i a l  e n e r g y  r e l e a s e d  f r o m  a c c r e t i o n  o f  m a t t e r  o n t o  
t h e  s u r f a c e  o f  a c o m p a c t  o b j e c t  c a n  l e a d  t o  i o n  t e m p e r a t u r e s  a p p r o a c h i n g  
100 M e V  (Ti "~ 1 0 1 2 K ) ,  w h i c h  s u b j e c t  h e a v i e r  n u c l e i  t o  b r e a k u p  b y  s p a U a t i o n  
r e a c t i o n s .  S o m e  o f  t h e  l i b e r a t e d  n e u t r o n s  m i g h t  b e  c a p t u r e d  o n  p r o t o n s  w i t h i n  
t h e  a c c r e t i o n  f l o w  i t s e l f ,  t h u s  g e n e r a t i n g  a 2.2 M e V  l i n e  s i g n a t u r e .  I t  h a s  b e e n  
s h o w n  t h a t ,  u n d e r  m o s t  c o n d i t i o n s ,  t h e  n e u t r o n s  a r e  m o r e  l i k e l y  t o  e s c a p e  t h e  
p r o d u c t i o n  r e g i o n  r a t h e r  t h a n  b e  c a p t u r e d  [ 2 ] .  F u r t h e r m o r e ,  n e u t r o n  c a p t u r e  
i n  t h e  h o t  a c c r e t i n g  p l a s m a  w o u l d  l e a d  t o  a n  e x t r e m e l y  b r o a d  e m i s s i o n  l i n e  
[3] t h a t  m i g h t  b e  d i f f i c u l t  t o  o b s e r v e .  I t  t h e r e f o r e  s e e m s  u n l i k e l y  t h a t  a n y  
d e t e c t a b l e  2 . 2  M e V  l i n e  e m i s s i o n  w o u l d  b e  g e n e r a t e d  f r o m  within t h e  a c c r e t i o n  
fiOW. 
M a t t e r  a c c r e t i n g  o n t o  a n e u t r o n  s t a r  h a s  l a r g e  e n o u g h  k i n e t i c  e n e r g y  t o  
e x c i t e  o r  d e s t r o y  n u c l e i .  N e u t r o n s  l i b e r a t e d  b y  t h e s e  r e a c t i o n s  ( p r i n c i p a l l y  b y  
t h e  s p a l l a t i o n  o f  4 H e ) ,  o n c e  t h e r m a l i z e d ,  will e i t h e r  r e c o m b i n e  r a d i a t i v e l y  w i t h  
a p r o t o n  ( t o  p r o d u c e  a 2.223 M e V  p h o t o n )  o r  n o n - r a d i a t i v e l y  w i t h  3He. T h i s  
p r o b l e m  h a s  b e e n  s t u d i e d  i n  d e t a i l  [ 4 ] .  P r e d i c t e d  f l u x  l e v e l s  a r e  a s  h i g h  a s  
2 x 10 - s  c m  - 2  s - 1 .  T h i s  l e v e l  o f  e m i s s i o n  is n e a r  t h e  p r e s e n t  a l l - s k y  s e n s i t i v i t y  
l i m i t  o f  C O M P T E L  o b s e r v a t i o n s  c o l l e c t e d  o v e r  t h e  f i r s t  f i v e  y e a r s  o f  t h e  C G R O  
m i s s i o n .  E n h a n c e d  l e v e l s  o f  2.2 M e V  e m i s s i o n  m i g h t  b e  e x p e c t e d  f r o m  s o u r c e s  
w h e r e  t h e  a c c r e t i n g  m a t e r i a l  c o n t a i n s  a n  u n u s u a l l y  h i g h  a b u n d a n c e  o f  h e a v i e r  
e l e m e n t s  ( a s  w o u l d  b e  e x p e c t e d  f o r  a h i g h l y  e v o l v e d  m a s s i v e  c o m p a n i o n ) .  
T h e r e  a r e  a t  l e a s t  t h r e e  c a s e s  w h e r e  s u c h  h e a v y  e l e m e n t  e n h a n c e m e n t s  m a y  
e x i s t :  4 U 1 9 1 6 - 0 5 ,  4 U 1 6 2 6 - 6 7 ,  a n d  4 U 1 8 2 0 - 3 0  [ 5 ] .  I n  t h i s  s c e n a r i o ,  a 2.223 
M e V  n e u t r o n  c a p t u r e  l i n e  w o u l d  b e  g r a v i t a t i o n a l l y  r e d - s h i f t e d  t o  a n  e n e r g y  
a s  l o w  a s  1.76 M e V .  
N e u t r o n s  t h a t  a r e  p r o d u c e d  w i t h i n  t h e  a c c r e t i o n  f l o w  a r e  n o t  c o n f i n e d  b y  
a n y  m a g n e t i c  f i e l d s .  C o n s e q u e n t l y ,  t h e y  a r e  f r e e  t o  l e a v e  t h e  p r o d u c t i o n  r e g i o n  
p r o v i d e d  t h e y  c a n  e s c a p e  t h e  g r a v i t a t i o n a l  w e l l  o f  t h e  c o m p a c t  o b j e c t .  S o m e  
f r a c t i o n  o f  t h e  e s c a p i n g  n e u t r o n s  m a y  t h e n  i n t e r a c t  i n  t h e  a t m o s p h e r e  o f  t h e  
c o m p a n i o n  s t a r .  T h e  t h e r m a l i z a t i o n  o f  t h e  i n t e r a c t i n g  n e u t r o n s ,  a n d  t h e  s u b -  
s e q u e n t  c a p t u r e  b y  a m b i e n t  p r o t o n s ,  w o u l d  l e a d  t o  a ~/-ray l i n e  a t  2.223 M e V .  
V a r i o u s  c o n s i d e r a t i o n s  ( e . g . ,  t h e  n e u t r o n  d e c a y  t i m e  a n d  t h e  s o l i d  a n g l e  f o r  
i n t e r a c t i o n  w i t h  t h e  c o m p a n i o n )  s u g g e s t  t h a t  c l o s e  b i n a r i e s  a r e  m o r e  p r o b a b l e  
s o u r c e s  o f  o b s e r v a b l e  2.2 M e V  e m i s s i o n .  I n  t h i s  s c e n a r i o ,  t h e  2 . 2  l i n e  f l u x  w i l l  
o r i g i n a t e  o n  t h e  s i d e  o f  t h e  c o m p a n i o n  s t a r  i r r a d i a t e d  b y  t h e  n e u t r o n  i t u x ,  i . e . ,  
t h e  s i d e  o f  t h e  c o m p a n i o n  t h a t  f a c e s  t h e  c o m p a c t  o b j e c t .  T h e r e f o r e ,  t h e  2 . 2  
M e V  f l u x  will m o s t  l i k e l y  b e  m o d u l a t e d  b y  t h e  b i n a r y  p e r i o d  s w i t h  p e a k  f l u x  
n e a r  t h e  X - r a y  m a x i m u m .  T h i s  p r o c e s s  h a s  b e e n  d i s c u s s e d  i n  t h e  c o n t e x t  o f  
C y g  X - 1  [ 2 ] ,  w i t h  p r e d i c t e d  f l u x  l e v e l s  a s  h i g h  a s  ,-~ 10 - s  c m  - 2  s - 1 .  
T h e  d e t e c t i o n  o f  V H E  p h o t o n s  ( E  > 10 x~ e V )  h a s  b e e n  r e p o r t e d  f r o m  v a r i o u s  
a c c r e t i n g  s o u r c e s ,  i n c l u d i n g  C y g  X - 3 ,  Vel X - 1  a n d  H e r  X - I ,  s u g g e s t i n g  t h e  
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p r e s e n c e  o f  v e r y  e n e r g e t i c  p r o t o n  b e a m s .  I f  t h e s e  b e a m s  i n t e r a c t  w i t h  t h e  
c o m p a n i o n  s t a r ,  w e  c a n ,  b y  d i r e c t  a n a l o g y  w i t h  s o l a r  f l a r e s ,  e x p e c t  s o m e  
e m e r g e n t  2.2 M e V  f l u x .  A g a i n ,  t h i s  w o u l d  b e  a n a r r o w ,  u n s h i f t e d  l i n e  a t  2.223 
M e V .  A s  i n  t h e  p r e v i o u s  s c e n a r i o ,  t h i s  l i n e  w o u l d  also v a r y  i n  i n t e n s i t y  w i t h  
o r b i t a l  p h a s e .  T h e  r e s u l t i n g  2.2 M e V  l i n e  f l u x  h a s  b e e n  e s t i m a t e d ,  a s s u m i n g  
t h a t  t h e  p r o t o n s  a r e  a c c e l e r a t e d  i s o t r o p i c a i l y  n e a r  t h e  c o m p a c t  o b j e c t  [ 6 ] .  T h e  
p e a k  f l u x  p r e d i c t e d  f o r  C y g  X-3 (,,~ 10 - 4  c m  - 2  s - 1 )  is w e l l  w i t h i n  t h e  r a n g e  o f  
d e t e c t a b l e  e m i s s i o n  w i t h  C O M P T E L .  
T o  d a t e ,  t h e  m o s t  s e n s i t i v e  s e a r c h  f o r  2.2 M e V  l i n e  e m i s s i o n  w a s  t h a t  c a r r i e d  
o u t  u s i n g  S M M  d a t a  [ 7 ] .  T h e i r  s u r v e y  w a s  c o n s t r a i n e d  ( b y  t h e  n a t u r e  o f  t h e  
S M M  m i s s i o n )  t o  a r e g i o n  a l o n g  t h e  e c l i p t i c  p l a n e .  T h e y  s e t  a 3tr u p p e r  l i m i t  
o f  1.0 x 10 - 4  c m  - 2  s - 1  o n  t h e  steady e m i s s i o n  f r o m  t h e  G a l a c t i c  c e n t e r  a n d  
f r o m  Sco X-1. U p p e r  l i m i t s  o n  t h e  2.2 M e V  l i n e  e m i s s i o n  f r o m  C y g  X-1 w e r e  
i n  t h e  r a n g e  o f  ( 1 . 2 -  2.2) • 10 - 4  c m  - 2  s - 1 ,  a c c o r d i n g  t o  d i f f e r e n t  m o d e l s  o f  t h e  
e m i s s i o n  p r o c e s s .  T h e  3 ~  u p p e r  l i m i t  t o  t h e  p h a s e - a v e r a g e d  s t e a d y  e m i s s i o n  
f r o m  C y g  X - 3  w a s  s e t  a t  1.2 • 10 - 4  c m  - 2  s - 1 .  
O B S E R V A T I O N S  A N D  D A T A  A N A L Y S I S  
T h e  C O M P T E L  e x p e r i m e n t  is i d e a l l y  s u i t e d  f o r  s t u d i e s  o f  t h e  2.2 M e V  
l i n e  f r o m  a v a r i e t y  o f  s o u r c e s .  T h e  w i d e  f i e l d - o f - v i e w  i m a g i n g  c a p a b i l i t y  o f  
C O M P T E L  p r o v i d e s  f o r  c o n t i n u i n g  e x p o s u r e  t o  a n u m b e r  o f  s o u r c e s  a n d  p r o -  
v i d e s  t h e  f i r s t - e v e r  a l l - s k y  s u r v e y  a t  t h e s e  e n e r g i e s .  D e s p i t e  t h e  p r e s e n c e  o f  
a m a j o r  b a c k g r o u n d  l i n e  a t  2.2 M e V  ( r e s u l t i n g  f r o m  n e u t r o n  c a p t u r e  w i t h i n  
t h e  u p p e r  l a y e r  o f  l i q u i d  s c i n t K l a t o r s ) ,  t h e  C O M P T E L  e x p e r i m e n t  m a i n t a i n s  
e x c e l l e n t  s e n s i t i v i t y  a t  t h i s  e n e r g y .  T h i s  a n a l y s i s  i n c o r p o r a t e s  a l l  a v a i l a b l e  
C O M P T E L  d a t a  f r o m  t h e  f i r s t  f i v e  y e a r s  o f  t h e  C G R O  m i s s i o n .  Specifically, 
w e  h a v e  u s e d  d a t a  f r o m  CGRO v i e w i n g  p e r i o d s  1.0 t h r o u g h  523.0, w i t h  t h e  
e x c e p t i o n  o f  v i e w i n g  2.5, w h e n  C O M P T E L  w a s  o p e r a t e d  i n  a s p e c i a l  s o l a r  
m o d e .  
T h e  C O M P T E L  d a t a  a n a l y s i s  t y p i c a l l y  is c a r r i e d  o u t  i n  a 3 - d  d a t a s p a c e  
d e f i n e d  b y  t h e  d i r e c t i o n  o f  t h e  p h o t o n  s c a t t e r  v e c t o r ,  s p e c i f i e d  b y  t h e  a n g l e s  X 
a n d  4 ,  a n d  b y  t h e  d e r i v e d  C o m p t o n  s c a t t e r  a n g l e ,  s p e c i f i e d  b y  t h e  a n g l e  r [8]. 
I n  t h i s  c a s e ,  a l l - s k y  i m a g e s  w e r e  g e n e r a t e d  u s i n g  a p r o c e d u r e  a n a l a g o u s  t o  t h a t  
w h i c h  h a s  b e e n  s u c c e s s f u l l y  e m p l o y e d  i n  s t u d i e s  o f  t h e  d i f f u s e  g a l a c t i c  1.8 M e V  
e m i s s i o n  [9,10]. T h i s  a p p r o a c h  is b a s e d  o n  i n d e p e n d e n t  b a c k g r o u n d  e s t i m a t e s  
a t  a d a j a c e n t  e n e r g i e s .  M o r e  specifically, w e  r e l y  o n  a b a c k g r o u n d  e s t i m a t e  
t h a t  c o n s i s t s  o f  s e p a r a t e  e m p i r i c a l  m o d e l i n g  o f  t h e  d i s t r i b u t i o n s  f o r  X a n d  
( a  2 - d  d i s t r i b u t i o n )  a n d  f o r  ~ ( a  1-d d i s t r i b u t i o n ) .  A b r o a d  e n e r g y  b a n d  ( 1 - 1 0  
M e V )  t h a t  e x c l u d e s  t h e  l i n e  i n t e r v a l  (2.110-2.336 M e V )  p r o v i d e s  i n f o r m a t i o n  
o n  t h e  ( X , r  d i s t r i b u t i o n .  T h e  r d i s t r i b u t i o n  is d e r i v e d  d i r e c t l y  f r o m  t h e  
d a t a  i n  t h e  l i n e  i n t e r v a l  (2.110-2.336 M e V ) .  T h e  r e s u l t i n g  b a c k g r o u n d  m o d e l  
i n c o r p o r a t e s  a n  e s t i m a t e  o f  t h e  i n s t r u m e n t a l  b a c k g r o u n d  a l o n g  w i t h  t h e  e f f e c t  
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o f  a n y  c o n t i n u u m  s o u r c e s  w i t h i n  t h e  F o V .  O n l y  s o u r c e s  o f  m o n o - e n e r g e t i c  l i n e  
e m i s s i o n  ( w h i c h  e x h i b i t  a s o m e w h a t  d i f f e r e n t  s c a t t e r  d i r e c t i o n  d i s t r i b u t i o n )  
will r e m a i n  i n  t h e  r e s u l t i n g  i m a g e s .  T h i s  a p p r o a c h  h a s  b e e n  v a l i d a t e d  f o r  t h e  
2.2 M e V  l i n e  i n t e r v a l  u s i n g  d a t a  f r o m  t h e  C r a b  ( w h e r e  w e  h a v e  n o  r e a s o n  
t o  e x p e c t  s u c h  a l i n e  s i g n a t u r e )  a n d  u s i n g  s o l a r  f l a r e  d a t a  ( w h e r e  s u c h  a 
l i n e  s i g n a t u r e  is d e a r l y  p r e s e n t ) .  T h e  v a l i d a t i o n  r e s u l t s  w e r e  a s  e x p e c t e d .  N o  
s i g n a t u r e  f r o m  t h e  C r a b  w a s  d e t e c t e d ,  w h e r a s  a s i g n i f i c a n t  s o l a r  f l a r e  s i g n a t u r e  
w a s  d e t e c t e d  a t  a l e v e l  c o n s i s t e n t  w i t h  o t h e r ,  i n d e p e n d e n t ,  m e a s u r e m e n t s  o f  
t h e  2.2 M e V  l i n e  f l u x .  
R E S U L T S  
U s i n g  t h e  b a c k g r o u n d  e s t i m a t e  d e s c r i b e d  a b o v e ,  w e  h a v e  g e n e r a t e d  a l l - s k y  
m a p s  w i t h  t w o  d i f f e r e n t  i m a g i n g  a l g o r i t h m s .  T h e s e  i n c l u d e  a m a x i m u m  e n -  
t r o p y  a l g o r i t h m  a n d  a m a x i m u m  l i k e l i h o o d  a l g o r i t h m .  T h e  m a p s  g e n e r a t e d  
w i t h  t h e s e  t w o  d i f f e r e n t  m e t h o d s  a r e  s i m i l a r  i n  a p p e a r a n c e .  T h e  a l l - s k y  m a p  
g e n e r a t e d  w i t h  t h e  m a x i m u m  e n t r o p y  a l g o r i t h m  is s h o w n  i n  F i g u r e  1. I n  g e n -  
e r a l ,  t h e  s k y  a t  2.2 M e V  is r e l a t i v e l y  f e a t u r e l e s s .  F o r  e x a m p l e ,  t h e r e  is n o  
e v i d e n c e  f o r  a n y  d i f f u s e  g a l a c t i c  e m i s s i o n  a t  t h i s  e n e r g y .  T h e r e  i s ,  h o w e v e r ,  
e v i d e n c e  f o r  e m i s s i o n  a t  ( l ,  b) = (300 ~  - 3 0 ~  W i t h  a p e a k  l i k e l i h o o d  v a l u e  o f  
32.0, a n d  g i v e n  t h a t  t h e  a l l - s k y  m a p  r e p r e s e n t s  a b o u t  500 i n d e p e n d e n t  t r i a l s ,  







kkut( I r  U N H  - M a y , ,  
F I G U R E  1 .  C O M P T E L  2 . 2  M e V  a l l - s k y  m a p  d e r i v e d  u s i n g  a m a x i m u m  e n t r o p y  i m a g i n g  
m e t h o d .  T h e  o n l y  s i g n i f i c a n t  s o u r c e  i s  a p o i n t - l l k e  f e a t u r e  n e a r  ( l ,  b) = ( 3 0 0  ~  - 3 0 ~  f o r  
w h i c h  t h e r e  i s  n o  o b v i o u s  c o u n t e r p a r t .  T h i s  m a p  a p p e a r s  n e a r l y  i d e n t i c a l  t o  a m a x i m u m  
l i k e l i h o o d  m a p  h a v i n g  a l i k e l i h o o d  t h r e s h o l d  v a l u e  o f  15. 
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t h i s  c o r r e s p o n d s  t o  a s i g n i f i c a n c e  o f  ,,~ 3.7~r. T h e r e  a r e  n o  o b v i o u s  c o u n t e r -  
p a r t s  ( s u c h  a s  a n  X - r a y  b i n a r y )  t h a t  a r e  c o n s i s t e n t  w i t h  t h e  e m i s s i o n  m o d e l s  
d i s c u s s e d  a b o v e .  W e  c o n t i n u e  t o  s e a r c h  f o r  a c o u n t e r p a r t  o f  t h i s  f e a t u r e .  
W e  u s e d  t h e  X - r a y  b i n a r y  c a t a l o g  o f  v a n  P a r a d i j s  [11] t o  s e a r c h  f o r  e m i s s i o n  
f r o m  p a r t i c u l a r  s o u r c e  c a n d i d a t e s .  N o n e  o f  t h e  c a t a l o g u e d  s o u r c e s  s h o w e d  a n y  
s i g n  o f  d e t e c t a b l e  e m i s s i o n .  F l u x  l i m i t s  ( a t  t h e  3~r l e v e l )  a r e  t y p i c a l l y  i n  t h e  
r a n g e  o f  ( 1  - 2 )  • 10 - 5  c m  - 2  s e c  - 1 .  T y p i c a l  (3~r) u p p e r  l i m i t s  i n c l u d e  C y g  X - 3  
( <  1.8 • 10 - s  c m  - 2  s e c - 1 ) ,  S c o  X - 1  ( <  2.5 • 10 - s  c m  - 2  s e c - 1 ) ,  4 U  1916-05 
( <  1.8 • 10 - 5  c m  - 2  s e c - 1 ) ,  4 U  1626-67 ( <  2.5 • 10 - 5  c m  - 2  s e c - 1 ) ,  a n d  4 U  
1820-30 ( <  1.6 • 10 - 5  c m  - 2  s e c - 1 ) .  F o r  C y g n u s  X - l ,  w e  s e t  a 3r u p p e r  l i m i t  
o f  2.3 • 10 - 5  c m  - 2  s e c  - 1 ,  w h i c h  i s  a b o u t  o n e  o r d e r - o f - m a g n i t u d e  b e l o w  t h e  
l i m i t  s e t  b y  H a r r i s  a n d  S h a r e  ( 1 9 9 1 ) .  T h i s  r e s u l t ,  i n  c o n j u n c t i o n  w i t h  t h e  
m o d e l  o f  G e u s s o m  a n d  D e f i n e r  ( 1 9 8 8 ) ,  c a n  b e  u s e d  t o  p l a c e  c o n s t r a i n t s  i n  t h e  
f r a c t i o n  o f  e s c a p i n g  n e u t r o n s  t h a t  a r e  c a p t u r e d  b y  t h e  c o m p a n i o n  s t a r .  F o r  
a n  a s s u m e d  i o n  t e m p e r a t u r e  (T~) o f  20 M e V ,  t h e  d a t a  i m p l y  t h a t  l e s s  t h a n  
25% o f  t h e  e s c a p i n g  n e u t r o n s  a r e  c a p t u r e d  b y  t h e  c o m p a n i o n  s t a r .  F u r t h e r  
i n s i g h t  m a y  b e  c o m e  f r o m  a p h a s e - r e s o l v e d  a n a l y s i s  i n  p r o g r e s s .  
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